Background and Aim. Thromboembolic disease is the third most common cardiovascular disorder and deep vein thrombosis carries the risk of pulmonary embolism (PE). Questions related to reperfusion after PE remain, especially risk factors. Incomplete reperfusion after PE is closely related to the development of chronic thromboembolic pulmonary hypertension. The aim of this study was to determine the relation between reperfusion after PE in the long term over a period of 24 months, laboratory results and clinical risk factors found during the initial PE event.
INTRODUCTION
Thromboembolic disease (TED) is the third most common cardiovascular condition with an incidence of 100-200 cases per 100,000 inhabitants per year. It plays a significant role in cardiovascular morbidity and mortality, and considerable resources are being spent on its treatment and prevention.
In the first hours after the onset of the pulmonary embolism (PE), the cause of death is usually an obstructive shock with failure of the right ventricle. However, in the days following PE, most patients die of other illnesses (such as heart failure, malignancy, chronic obstructive pulmonary disease or infection) rather than of recurrence of PE(ref. 1 ). The initial extent of pulmonary artery obstruction is not a predictor of long-term mortality 1, 2 . The only known long-term complication of PE is chronic thromboembolic pulmonary hypertension (CTEPH), which occurs in 2-3% of patients within two years of PE (ref. [2] [3] [4] [5] [6] ). The outlook in remaining PE patients is good, providing they receive appropriate treatment, and most of them (over 75%) survive in the long-term without any impact on their condition or quality of life.
In most patients, effective anticoagulation and spontaneous fibrinolytic activity of the plasma leads to a gradual dissolution of the thrombi and to the complete recanalization of the pulmonary arteries.
The most commonly reported risk factors of incomplete reperfusion traditionally include the severity of the initial PE expressed as the obstruction index [6] [7] [8] [9] , presence of central emboli and right ventricular enlargement on the initial CT scan 10 . The aim of our multicentric study was prospective monitoring of the reperfusion of the pulmonary arteries after the first pulmonary embolism event and correlating the results of such monitoring to laboratory results taken at the time of the initial PE and to clinical risk factors.
PATIENTS AND METHODS
85 patients hospitalized in the internal medicine or cardiology departments of four hospitals (Ostrava City Hospital, University Hospital Ostrava, Silesian Hospital Opava and Nový Jičín Hospital) due to a first event of acute pulmonary embolism from December 2011 to June 2013 were included in the study. Diagnosis of acute PE was determined by CT angiography and / or ventilationperfusion (VP) scintigraphy. The patients were fully informed and signed informed consent to the study procedures and further monitoring prior to enrollment in the study. The study protocol was approved by the ethics committee.
Pulmonary embolism was treated in the standard way according to recent ESC guidelines and recommended procedures. Upon release from the hospital, patients were to regularly attend cardiology clinics at the place of residence.
Follow-up examinations at the participating departments took place 6, 12, and 24 months after the initial PE. The reperfusion, possible recurrence of PE and effectiveness of anticoagulation therapy in warfarin-treated patients (% of INRs performed during outpatient checkups at the local clinic) were evaluated.
The baseline echocardiographic examination was performed during the initial hospitalization, follow-up echocardiographic examinations were performed after 6, 12, and 24 months. The pulmonary artery systolic pressure was estimated from tricuspid regurgitation flow velocity, with a correction for the estimated right atrial pressure.
The initial VP pulmonary scintigraphy was also performed during the initial hospitalization. Follow-up perfusion scintigraphies were carried out after 6, 12 and 24 months only where the previous scintigraphy revealed incomplete reperfusion or an interim PE recurrence. The presence of defects, their number and extent were recorded on the scans.
Statistical analysis
The statistical analysis was performed in IBM SPSS Statistics 24. Continuous variables were described using the known N and medians with the 5 th and 95 th percentiles, discrete category variables were described using absolute and relative frequency. Mean or median differences were recorded for ECHO, ECHO after 6, 12 and 24 months. The statistical significance of the differences was tested using the Wilcoxon paired test. The associations between variables measured during the initial examination and the incidence of perfusion defects at individual time points were tested using the Mann-Whitney U test and Fisher's exact test (for categorical variables) with significance level α=0.05.
RESULTS

Risk factors, initial treatment
A total of 85 patients were prospectively included, of who 48 (57%) were women. The median age was 60 years. The TED and CTEPH risk factors were represented as follows: positive family history of TED in 18 (21) patients, personal history of DVT in 9 (10.6%) patients, thyreopathy in 6 (7%) patients, and malignancy in 4 (5%) patients. Other well-recognized risk factors for thromboembolism and CTEPH were found only rarely, presence of pacemaker in 1 patient, and myeloproliferative disease in 1 patient. No other risk factors were present. The PE was provoked in 26 patients (31%).
In 35 (41%) patients, the PE was evaluated as low risk, in 42 (49%) as intermediate and in 8 (9%) patients as high risk.
Systemic thrombolysis was carried out in 14 (17%) patients. The remaining patients received only anticoagulative treatment during hospitalization. The entry characteristics of the patient group are summarized in Table 1 .
Chronic treatment
After 6 months, 76 out of 79 patients (96%) were still anticoagulated, which 57 patients were treated with warfarin, the rest with other anticoagulants. 55 out of 77 patients (71%) were on anticoagulation treatment after 12 months, and the treatment was ongoing in 27/74 patients (37%) after 24 months from the PE episode. In warfarin patients, effective anticoagulation treatment (at least 75% INR values over the period > 2) was recorded only for 29 out of 57 patients (51%) after 6 months, 25 out of 44 patients (57%) in the 6-12 months period and 16 out of 18 patients (89%) in the 12-24 months period.
Long-term clinical monitoring
Out of the 85 patients, 79 were re-examined after 6 months, 77 patients after 12 months, and 74 after Continuous variables are described using number of patients (N), medians (5 th and 95th percentile). Category variables are described using absolute (relative) frequency. BMI -body mass index, FH VTE -Family history of venous thromboembolism, DVT -deep vein thrombosis, PE -pulmonary embolism , BNP -Brain natriuretic peptide, Hb -hemoglobin 24 months. 5 patients died during the study period (one during the initial hospitalization, one 6 months later, and 3 between 12 th and 24 th month). Contact with one patient was lost. In 5 cases, only telephone contact with verbal verification of the most important parameters (TED recurrence, bleeding and rehospitalization) was possible.
During follow-up, PE recurred in 7 (8%) patients, 5 of whom between months 12 and 24, after the anticoagulation treatment ceased. Nine patients (11%) developed bleeding. 23 (27%) of patients were rehospitalized during the follow-up period. During the follow-up, patients were generally in good condition -the median NYHA class was 1 at all follow-up time points. Only 6 patients after 6 months and 5 patients after 12 and 24 months were NYHA class 3 or 4.
Echocardiography and scintigraphy examinations
Most echocardiographic parameters were abnormal at the initial examination. The median of the right ventricular internal diameter index (RVIDd) was 34(26; 47) mm, tricuspid annular plane systolic excursion (TAPSE) 19(15; 30) mm, right atrial dimension (RAD) 44(29; 53), tricuspid regurgitation (TR) 2.0(1.0; 3.5), and the median of pulmonary artery systolic pressure (PASP) estimate 40(15; 65) mmHg. Echocardiographic examinations after 6 months revealed a significant improvement in most echocardiographic parameters -compared with the initial measurements, median RVIDd reduction was 2(-14; 6) mm, median TAPSE improvement was 6(-9, 20) mm, RAD reduction was 3.0(-16; 18) mm, the severity of tricuspid regurgitation was improved by 0.5 degrees (-2.0;1.0), and the median PASP reduction was by 7 (-35, 12) mmHg. Subsequent examinations (12, 24 months) did not show any further significant improvements over the first follow-up after 6 months.
The follow-up scintigraphies revealed a complete reperfusion in most patients. Perfusion defects persisted in 20 (26%) patients after 6 months, 19(25%) after 12 months and 14(19%) patients after 24 months. A complete reperfusion was therefore reached in 80.8% patients. Also, the total number of perfusion defects dwindled from an initial 204 to 47 after 6 months, 41 after 12 months and 36 after 24 months.
Signs of a probable pulmonary hypertension were detected in 3 patients (4%) with perfusion defects persisting even after 24 months (see Table 2 ). It is very likely that these patients developed CTEPH, however verification using invasive methods (right sided cardiac catheterization, pulmonary angiography) was impossible as all 3 patients refused the procedures (2 for a poor health condition, 1 for absence of any symptoms). Permanent anticoagulation treatment was recommended.
A comparison of patients with defects persisting even after 24 months and patients with complete reperfusion revealed the following significant differences: patients with persisting defects were older (age difference), the initial episode of PE was more frequently intermediate or high risk in these patients, they had a higher initial level of hemoglobin and the initial echocardiography revealed larger right ventricular internal dimension and more significant tricuspid regurgitation. No other variables (such as clinical risk factors of thromboembolic disease, other echocardiographic or laboratory parameters, thrombophilia or way of treatment) were significantly different. Also, the group with persisting perfusion defects did not differ significantly in the NYHA-rated functional status or other clinical parameters such as recurrence of pulmonary embolism or rehospitalization.
The median PASP values after 24 months were higher in the patients with persisting defects. There was however no significant difference in other echocardiography parameters such as right compartment dimensions or the function of the right ventricle. (Table 3) 
DISCUSSION
Reperfusion after PE, its risk factors, causes and consequences of incomplete reperfusion are discussed in a number of studies. The reported rate of complete reperfusion 6-12 months after PE ranges from 33 to 81%, absence of any reperfusion is found in 3-16% (ref. 6, 7, 11 ). The wide range of results may be due to methodological issues -different patient classification, study period or different diagnostic methods (CT AG or VP scintigraphy). Scintigraphy was shown to be more sensitive but less specific in diagnosing perfusion defects and, therefore, has a tendency to overestimate the number of patients with persisting perfusion defects compared to CT AG (ref. 12, 13 ). Perfusion scintigraphy is more focused on perfusion on the microcirculation level, being able to capture more sensitively the obliteration of small arterioles that cannot be detected using CT AG; on the other hand, the pulmonary microcirculation is dependent on multiple factors including e.g. regional hypoxia resulting from damage to the pulmonary parenchyma. In this study group, perfusion One explanation for the relatively high rate of complete reperfusion is the long follow-up period -there was still a decrease in the number of patients with incomplete reperfusion even between months 12 and 24. Another possible explanation may lie in the duration of anticoagulative treatment in our study -most of our patients were treated with anticoagulants for more than a year and even after 2 years, 36.5% of patients were receiving anticoagulative treatment. The relatively small extent of the initial pulmonary embolisms in our patient group with an average of 11 (84.6%) 6 (100.0%)
Continuous variables are described using number of patients (N), median (5 th and 95th percentile), differences tested using Mann-Whitney test; Category variables are described using absolute (relative) frequency. Relative frequency is calculated only from available data (excluding patients who were not re-examined). Differences tested using Fisher exact test. BMI -body mass index. FH VTE -Family history of venous thromboembolism. DVT -deep vein thrombosis. PE -pulmonary embolism. CRP -C-reactive protein. BNP -Brain natriuretic peptide. Hb -hemoglobin. RVIDd -Right ventricle internal diastolic diameter. TAPSE -Tricuspid annular plane systolic excursion. RAD -Right atrium diameter. TR -Tricuspid regurgitation. PG TR -Peak gradient of tricuspid regurgitation. PASP -Peak systolic arterial pressure. INR -international normalized ratio. NYHA -New York Heart Association only 3.1 defects per patient could be another explanation. Also, the used methodology could have led to a minor bias -patients in whom perfusion scintigraphy revealed a normal perfusion and who did not have any clinical PE recurrence, did not undergo another scan. It is therefore possible that the occurrence of perfusion defects might have been slightly underestimated when compared with methods used in other papers as some patients might have developed subclinical PE relapse and therefore new perfusion defects. Development of new perfusion defects over time was described e.g. by Ribeiro in 25% of patients 2 , increase in the number of thrombi detected during subsequent CTAG examinations in 2% of patients was reported by Alonso-Martinez 7 . In other studies, however, no new perfusion defects were reported and no formation of new perfusion defects was revealed in our patients, either (with the exception of patients with reported clinical recurrence of PE).
The main risk factors of incomplete reperfusion include greater PE extent expressed as obstruction index (odds ratio, OR, 1.34-1.94) (ref. [6] [7] [8] [9] ) or presence of central thrombi during initial CT scan 10 . Various studies highlight mostly the following clinical risk factors: Personal history of cardiovascular disease 9 or of thromboembolic disease (OR 2.06 -2.6) (ref. 8, 9 ), increased time from the onset of symptoms to the diagnosis (OR 1.17) (ref. 8 ), greater age 5,7 , higher degree of PE severity 7, 12 , spontaneous PE (OR 1.4) (ref. 5 ), or higher TFPI or factor VIII levels 8 . Studies are however not in mutual agreement on the individual parameters constituting the risk factors of reperfusion disorders. In our study, older age, more sever PE and, interestingly, higher hemoglobin levels were found to be significant predictors of incomplete reperfusion while neither personal history of TED nor spontaneity of PE were confirmed as risk factors.
The reason for the increased rate of reperfusion disorders in older patients has not been studied yet. The likely explanation may lie in the fact that ageing leads to degenerative involutional changes of the vessel walls and of the endothelium in the pulmonary bloodstream, resulting in lower production of vasodilating agents such as prostaglandins and nitrous oxide. Greater PE severity (in our patient group, intermediate or high risk PE) was proved to be a significant risk factor in several studies 7, 12 and is related to the fact that clinically more serious PEs are associated with a greater degree of obstruction of the pulmonary bloodstream, which is in itself a well-known predictor of perfusion disorders 6, 9 . In our study, interestingly, we found that increased hemoglobin levels are another significant risk factor of incomplete reperfusion. As far as we know, this finding has not been reported and has not been object of any other study dealing with pulmonary reperfusion. It is however a well known fact that myeloproliferative diseases including polycythemia are predictors of both arterial and venous thrombosis as well as of CTEPH development following a PE episode 15, 16 . The reason for thrombophilia in polycythemia patients is a greater blood viscosity leading to a greater arterial wall shear stress combined with formation of aggregates of red blood cells in arterioles and capillaries, which in turn leads to activation of platelets, prothrombogenic and pro-inflammatory state and, therefore, to disorders in resolution of thrombi 16 . Neither of these factors are however specific for primary polycythemia and can be associated with any increase in haemoglobin levels, which could be the explanation of our finding.
Persisting reperfusion defects after PE should be related to their clinical significance. The presence of persistent perfusion defects shows only low correlation with echocardiographic signs of elevated pulmonary pressure, with persistent dilatation and dysfunction of the right ventricle, or with reduced functional capacity of patients (rated using NYHA class or 6 minute walk test) (ref. 6, 8, 9 ). Only 3 published studies have examined the effect of persistent perfusion disorders in relation to clinical endpoints 5, 9, 10 . Of these, only Pesavento reported that the persistence of perfusion defects after 3 years of initial TED correlates with combined endpoint of CTEPH development + TED recurrence 5 . No remaining studies have shown any statistically significant correlation of persistent defects with higher incidence of recurrence of pulmonary embolism 9 or unfavourable patient outlook 10 . Similarly, our study, despite revealing a correlation of persisting perfusion defects with higher systolic pressure in the pulmonary artery, did not find any correlation of these defects with enlarged right heart compartments, with decreased right ventricular function or with functional abilities evaluated as NYHA class. Similarly, no statistically significant difference in the clinical endpoints such as the number of rehospitalizations or PE recurrences was found between patients with/without reperfusion defects; it is however necessary to note that we did not expect to reveal any such differences due to the size of our patient group.
The principal limitation of the study was small patient sample size precluding evaluation of relations between reperfusion defects and clinical endpoints such as mortality, serious cardiovascular events, TED recurrence and CTEPH. Another limitation could the method of scintigraphy follow-ups, which is discussed above in detail. The use of various anticoagulants may also be perceived as a limitation, albeit a minor one as this study was not focused on anticoagulant evaluation and the size of the study group would not allow any reasonable comparison anyway. The last limitation we can see might be a lacking objective evaluation of the functional capacity of the patients, e.g. using 6 minutes walk test.
CONCLUSION
During long-term monitoring of patients after an acute episode of pulmonary embolism, persisting perfusion defects were observed in 20 (26.0%) patients after 6 months, 19 (25.3%) patients after 12 months and in 14 (19.2%) patients after 24 months. This was more frequent in older patients, in patients with higher levels of haemoglobin, higher risk of initial PE (intermediate and high risk) in patients with a greater dimension of the right ventricle and with significant tricuspid insufficiency during the initial echocardiographic examination. In patients with perfusion defects persisting at 24 months, a higher systolic pressure in the pulmonary artery was recorded; however, neither larger dimensions of right hand compartments, nor poorer function of the right ventricle in the 24 months echocardiography were detected. No significant difference was found between groups with and without incomplete reperfusion apropos rehospitalization, PE recurrence or functional fitness rated as NYHA class. In 3 (3.5%) patients, signs of chronic thromboembolic pulmonary hypertension were present after 24 months. 
